Abstract. The clinicopathological characteristics of squamous cell/adenosquamous carcinoma (SC/ASC) are currently not well documented, and as the prevalence of SC/ASC is uncommon in gallbladder cancers, a prognostic marker has not yet been found. In the present study, the expression of tumor susceptibility gene (TSG) 101 and paternally expressed gene (PEG) 10 was assessed in 46 SC/ASCs and 80 adenocarcinomas (ACs) using immunohistochemistry, and the samples were further analyzed to examine correlations with the clinicopathological characteristics. It was demonstrated that positive TSG101 and PEG10 expression were significantly associated with large tumor size, high tumor-node-metastasis (TNM) stage, lymph node metastasis, invasion and no resection (only biopsy) of SC/ASC and AC. The univariate Kaplan-Meier analysis showed that positive TSG101 and PEG10 expression, and differentiation, tumor size, TNM stage, lymph node metastasis, invasion and surgical curability, is closely associated with a decreased overall survival in SC/ASC and AC patients (P<0.05 or P<0.001). The multivariate Cox regression analysis identified that positive TSG101 and PEG10 expression are independent factors for a poor-prognosis in SC/ASC and AC patients. The present study indicates that positive TSG101 and PEG10 expression are closely associated with the clinical, pathological and biological behaviors, and a poor prognosis in gallbladder cancer.
Introduction
In the USA, gallbladder cancers (GBCs) are the most common biliary tract malignancy and the fifth most common gastrointestinal cancer (1, 2) . The prognosis of GBC is extremely poor, with a high mortality rate, and early diagnosis is generally impossible due to a lack of specific signs or symptoms (3) . The majority of GBC patients (>90%) are diagnosed at an inoperable stage, with serious invasion and metastasis to other organs (4) . The majority of GBCs are adenocarcinomas (ACs; >90%) (5) . By contrast, it is rare for other histopathological subtypes, including mucinous, papillary and squamous subtypes, to be identified (2) . Between 1 and 12% of gallbladder cancers are squamous cell/adenosquamous carcinomas (SC/ASCs) (2, 6) , and the clinicopathological characteristics of SC/ASCs are not well documented, as the majority of available studies are individual case studies or analyses of small case series. The establishment of therapeutic interventions for SC/ASC is required (2) . Currently, biomarkers for predicting the prognosis of AC are under investigation, however, none have achieved clinical application as of yet (4) . Notably, biomarkers associated with the progression and prognosis of SC/ASC have not been reported, and therefore, documenting the clinicopathological and biological characteristics is essential.
Paternally expressed gene (PEG) 10 was first identified by Ono et al as an imprinted gene that is paternally expressed and maternally silenced (8) . The human PEG10 gene is located on chromosome band 7q21, functioning as TSG101 and PEG10 are prognostic markers in squamous cell/adenosquamous carcinomas and adenocarcinoma of the gallbladder ZIRU LIU 1 , ZHULIN YANG a transcriptional factor. PEG10 expression can be detected in a variety of human normal tissues, including the brain, kidney, lung, placenta, testis, ovary, spleen, lymphoblasts, endothelial cells and thymus (9, 10) , however, its exact roles remain unknown. The overexpression of the PEG10 gene has also been detected in human cancers, including leukemia, breast cancer, hepatocellular carcinoma (HCC), prostate cancer and pancreatic cancer (7, 11) . The exact association between PEG10 and tumorigenesis has not yet been identified. However, the accumulated evidence indicates the involvement of PEG10 in apoptotic resistance and oncogenesis. For instance, in studies of B-cell acute lymphoblastic leukemia, PEG10 mRNA expression was strongly associated with high lipoprotein lipase expression, which is a predictor of unfavorable outcome in B-cell chronic lymphocytic leukemia (10) , whereas overexpressed PEG10 increased apoptotic resistance in B cell lineage, acute and chronic lymphocytic leukemia cluster of differentiation (CD)23 + /CD5 + B cells (12) . In HCC, PEG10 decreases cell death through interaction with seven in absentia homolog-1, a mediator of apoptosis (9) . Previous studies have demonstrated that PEG10 expression can be regulated by the proto-oncogene, c-MYC, via the binding of the c-MYC oncoprotein to the E-box-containing region of the first intron of PEG10 (13) (14) (15) . PEG10 also interacts with the transforming growth factor (TGF)-β type I receptor, activin receptor-like kinase (ALK) 1 (16) . Additionally, knockdown of PEG10 inhibits the proliferation of pancreatic carcinoma and HepG2 HCC cells (13) , while knockout of the PEG gene causes early embryonic lethality (17) . This evidence indicates that PEG10 may play a crucial role in carcinogenesis and tumor cell growth. However, PEG10 expression in SC/ASC and AC of the gallbladder has not yet been identified.
Although tumor susceptibility gene (TSG) 101 was originally identified as a potential tumor suppressor gene (18) , subsequent studies have shown that the deletion of TSG101 in cell cultures did not lead to uncontrolled cell growth, while conditional knockout of TSG101 in mice did not result in neoplastic transformation. However, homozygous deletion of TSG101 led to embryonic lethality in gene knockout mice, whereas cell cycle arrest and cell death resulted from the silencing of TSG101 expression in mammalian cells (18) . This indicates that TSG101 plays a crucial role in cell survival. In addition, a previous study has indicated that TSG101 is an essential protein involved in numerous cellular processes associated with cell growth and signal transduction, including transcriptional regulation, protein ubiquitination, cell cycle control and vesicular transport (20) . Liu et al reported overexpression of TSG101 in human papillary thyroid carcinomas, which provided one of the earliest pieces of evidence for linking PSG101 to carcinogenesis (21) . The overexpression of TSG101 was also observed in several human cancers, including ovarian cancer (19) , gastrointestinal tumors (22) and colorectal carcinoma (23) . Gene silencing of TSG101 leads to growth arrest and cell death in breast and prostate cancer cells (24) . In addition, early evidence indicated the close interaction of TSG101 with p53 within the p53/mouse double minute (MDM) 2 homolog feedback control loop, which upon de-regulation, results in tumorigenesis (25) . However, no studies have shown the involvement of TSG101 in gallbladder cancer.
In the present study, the expression of PEG10 and TSG101 in resection specimens, including 80 AC and 46 SC/ASC samples, were examined by immunohistochemistry. The correlations of PEG10 and TSG101 expression with the biological behavior and prognosis of SC/ASC and AC of the gallbladder were evaluated, along with the clinical significance and the survival rates of the patients. The 2-year survival data of the SC/ASC and AC patients was collected from phone calls and letters. In total, 23 AC patients survived >1 year (9 patients survived >2 years) and 57 survived <1 year, with an average survival time of 10.34±0.63 months. Among the SCs/ASCs patients, 13 survived >1 year (4 patients survived >2 years) and 33 survived <1 year, with an average survival time of 10.07±0.78 months.
Materials and methods

Case
Immunohistochemistry staining. Sections (4-µm thick) were cut from routinely paraffin-embedded tissues of AC and SC/ASC. Rabbit anti-PEG10 and mouse anti-TSG101 antibodies were purchased from Santa Cruz Biotechnology, Inc. (Santa Cruz, CA, USA). The staining was performed with the peroxidase-based EnVision™ Detection kit (Dako Laboratories, Carpinteria, CA, USA), following the manufacturer's instructions. In brief, 4-µM sections were cut from routinely paraffin-embedded tissues of the AC and SC/ASC samples. The sections were soaked with phosphate-buffered saline (PBS) for 3x5 min prior to the sections being deparaffinized and incubated with 3% H 2 O 2 for 15 min. The sections were then incubated with mouse anti-TSG101 (1:100 dilution) or rabbit anti-PEG10 (1:100 dilution) antibody for 1 h at room temperature. Solution A (containing horseradish peroxidase-conjugated secondary antibody) was added subsequent to the rinsing of the sections with PBS (3 times), and then the sections were incubated for 30 min. The substrate, 3,3'-diaminobenzidine, was added prior to hematoxylin counter-staining. Following dehydration, the slides were soaked in xylene 3 times, for 5 min each. For the positive control, positive sections were purchased from Foochow Maixin Biotechnology Company (Foochow, China), and for the negative control, the primary antibody was replaced with 5% fetal bovine serum. The percentage of positive cells was calculated from 500 cells in 10 random fields; ≥25% positive cells were regarded as positive and <25% positive cells were regarded as negative.
Statistical analysis. The data were analyzed using the statistical package for the Social Sciences, Version 13.0 (SPSS, 13.0; SPSS, Inc., Chicago, IL, USA). The inter-association of TSG101 or PEG10 expression with histological or clinical factors was analyzed using χ 2 or Fisher's exact tests. Kaplan-Meier and time series (log-rank) tests were used for the univariate survival analysis. Cox's proportional hazards model was used for the multivariate analysis and to determine the 95% confidence interval. P<0.05 was used to indicate a statistically significant difference. Table I , the percentage of cases with a patient age of >45 years, a tumor mass of >3 cm and well-or moderately-differentiated tumors was significantly higher in the SCs/ASCs compared with the ACs (P<0.05). Correlations between other clinicopathological characteristics and the percentage of positive TSG101 and PEG10 expression were not significant. The majority of TSG101-and PEG10-positive reactions were localized in the cytoplasm of the SC/ASCs (Fig. 1) and ACs (Fig. 2) , as observed using EnVision immunohistochemistry (Dako Laboratories).
Results
Comparison of TSG101 and PEG10 expression and clinicopathological characteristics in SC/ASC and AC. As shown in
Association of clinicopathological characteristics and TSG101 and PEG10 expression in SC/ASC and AC patients.
A significantly higher association was apparent between the percentage of cases with TSG101-and PEG10-positive expression in the SC/ASC samples with a large tumor mass size, high TNM stage, lymph node metastasis, invasion and no resection (biopsy only) compared with the cases of small tumor size, low TNM stage, no lymph metastasis, no invasion and radical resection (P<0.05; Table II) .
For AC tumors, the percentage of TSG101-and PEG10-positive expression was significantly higher in the cases with poor differentiation, large tumor mass size, high TNM stage, lymph node metastasis, invasion and collection of tumor samples by biopsy, compared with the well-differentiated cases, small tumor mass, low TNM stage, no lymph node metastasis, no invasion and collection of tumor samples by resection (P<0.05 or P<0.01; Table III ). (Table IV) , and the average survival time of the TSG101-and PEG10-positive patients was significantly lower than that of the patients with a negative result for TSG101 Table II . Association of TSG101 and PEG10 expression with the clinicopathological characteristics of SC/ASC.
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Cases, n Pos, n (%) Fig. 3 ). Cox's multivariate analysis demonstrated that the differentiation, tumor size (≥3 cm), TNM stage, invasion, surgical procedure and TSG101-and PEG10-positive expression were negatively correlated with overall survival, indicating that the positive expression of TSG101 and PEG10 is a risk factor of SCs/ASCs (Table V) . The Kaplan-Meier survival analysis of the AC patients revealed similar results as for the SC/ASC patients (Table VI) . The average survival time of the TSG101-or PEG10-positive AC patients was significantly lower than patients exhibiting negative TSG101 or PEG10 expression (P<0.001; Table VI and Fig. 4 ). Cox's multivariate analysis demonstrated that differentiation, tumor size (≥3 cm), TNM stage, lymph node metastasis, invasion, surgical procedure and TSG101-and PEG10-positive expression positively correlated with the poor survival rate of the AC patients (Table VII) .
Discussion
The current knowledge on the clinicopathological characteristics of SC/ASC has mainly been obtained from individual case studies or analyses of small case series. Therefore, accurate understanding of the differences between rare SC/ASC tumors and ordinary adenocarcinomas is not possible without further studies. The reported incidence of squamous differentiation is 1-12% in gallbladder malignancies (26, 27) , and in the present study 4.34% SCs/ASCs were observed. A previous study Table III . Association of TSG101 and PEG10 expression with the clinicopathological characteristics of AC.
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Cases, n Pos, n (%) identified that the occurrence of SC/ASC is predominant in females (F/M, 3.8) (25), however in the present study there was no significant difference (F/M, 1.4). It was also apparent in the present study that the prevalence of SC/ASC was more significant in older patients compared with AC. In previous studies, it has been demonstrated that the proliferation of SC occurs 
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at a higher rate than AC, whereas the prevalence of squamous tumors is less frequent with lymph node metastasis (28, 29) .
Observations from the present study revealed no differences in the occurrence of invasion and lymph node metastasis between AC and SC/ASC, however, more SC/ASC patients had a larger tumor size. In total, 86% of SC/ASC and 74% of AC patients were diagnosed at an inoperable stage, however, for the remaining patients it was apparent that radical resection was a good prognostic factor for AC and SC/ASC. There was no significant difference in the post-operative survival time between cases of AC (10.34±0.63 months) and SC/ASC (10.07±0.78 months). Furthermore, no significant differences in differentiation, TNM stage and surgical curability were found between AC and SC/ASC. These observations indicated that the clinicopathological presentations of SC/ASC did not appear to be significantly different from ordinary AC, and TNM, tumor-node-metastasis; TSG101, tumor susceptibility gene 101; PEG10, paternally expressed gene 10; AC, adenocarcinoma.
that squamous differentiation was no more aggressive than glandular differentiation in the gallbladder. A previous study has demonstrated that the PEG10 gene is overexpressed in leukemia, breast cancer, prostate cancer, hepatocellular carcinoma and pancreatic cancer (11) . Knockdown of PEG10 has been shown to inhibit the proliferation of cancer cells (13) . Further evidence has demonstrated that PEG10 expression can be regulated by the proto-oncogene, MYC (4) , and that PEG10 also interacts with the TGF-β type I receptor, ALK1 (16) . Notably, the expression of human telomerase reverse transcriptase is downregulated when PEG10 is knocked down by siRNA (15) . This evidence indicates the involvement of PEG10 in carcinogenesis. Similarly, the overexpression of TSG101 has been detected in human papillary thyroid carcinomas (21) , ovarian cancer (19), gastrointestinal tumors (22) and colorectal carcinoma (23) . Silencing of TSG101 leads to growth arrest and cell death in breast and prostate cancer cells (24) . Additionally, overexpression of TSG101 plays an oncogenic role by inactivating p53 through MDM2 upregulation (21, 25) . This evidence also strongly indicates that TSG101 is involved in tumorigenesis. Certain studies have found that TSG101 is overexpressed in the vincristine-resistant human gastric adenocarcinoma cell line, SGC7901/VCR (30) . The same group later found that the silencing of TSG101 expression significantly increased SGC7901/VCR sensitization to chemotherapeutic drugs through reducing adverse drug reactions (31) , indicating that TSG101 plays a critical role in chemoresistance. Although no studies have revealed that PEG10 is directly involved in chemoresistance, overexpressed PEG10 is involved in apoptotic resistance (12) . This may be an explanation for why chemotherapy and radiation therapy exhibit less of an effect in GBC.
Although the overexpression of PEG10 and TSG101 in cancer cells has been previously studied, their expression in SC/ASC and AC of the gallbladder has yet to be identified. In the present study, an extensive collection of human SC/ASC and AC samples was used to demonstrate that overexpressed PEG10 and TSG101 are associated with large tumor mass size, high TNM stage, lymph node metastasis, invasion and no resection (only biopsy) in SC/ASC and AC, and with poor differentiation in AC. It was also demonstrated that the survival time in patients with overexpression of PEG10 and TSG101 was significantly shorter when compared with patients with lower expression; Cox's multivariate analysis indicated that the overexpression of PEG10 and TSG101 was positively correlated with mortality. The present study indicates that the function of PEG10 and TSG101 may be involved in the progression, metastasis and prognosis of AC and SC/ASC.
In conclusion, the elevated expression of PEG10 and TSG101 in gallbladder SC/ASC and AC samples indicates that they are significant markers for progression, clinical biological behavior and prognosis. The involvement of TSG101 in chemoresistance and the role of PEG10 in apoptosis resistance indicate that these two markers have a strong potential to be developed as a target for gene therapy, which may sensitize chemotherapy and radiotherapy. Also, patients with high PEG10 and TSG101 expression in their tumors are more likely to suffer from invasion and metastatic recurrence. These patients may require close monitoring for clinical signs of relapse, so that therapeutic inventions can be applied early enough for optimal outcomes. 
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